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were found.

These findings run counter to the ccmmon belief that
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environment is being planned. (Author/PB)




g

i COMPARISON OF STUDENT PERFORMANCE AND ATTITUDE UNDER THREE LESSON-

AN
————r

SELECTION STRATEGIES IN COMPUTER-ASSISTED INSTRUCTION

BY

MARIAN H. BEARD, PAUL V. LORTON, BARBARA W. SEARLE,
AND R. C. ATKINSON

ED08846E

TECHNICAL REPORT NO. 222
{

DECEMBER 31, 1973

' PSYCHOLOCY AND EDUCATION SERIES

INSTITUTE FOR MATHEMATICAL STUDIES IN THE SOCIAL SCIENCES
STANFORD UNIVERSITY
~ STANFORD, CALIFORNIA




'

~ERIC

: |

125
126
127
128
12%
130

131
132

133
134
135
136
137
138

139
140

141
142

143

‘144

145

146

147

148

149

150

151
152

153
154
155
156
157
158

159

160

161

162

163

184

E. M. Gammon. A syntactical analysis of some first-grade readers. June 22, 1970.

TECHNICAL REPORTS
PSYCHOLOGY SERIES

INSTITUTE FOR MATHEMATICAL STUDIES IN THE SOCIAL SCIENCES

(Place of publication shown in parentheses; if published title |s different from title of Technical Report,
this Is afso shown (n parentheses,)

W, K, Estes, Reinforcement in human leaming. December 20, 1967, (tn J, Tapp (Ed.), Reinforcement and behavior. New York: Audemln
Press, 1969. Pp. 63-94,)
G, L. Walford, D. L, Wessel, and W, K. Estes, Further evidence concaming scanning and sampling sssumptions of visual detection models.
January 31, 1968. (Perception and Psychophysics, 1968, 3, 439-444,)
R. C. Atkinson and R, M, Shiffrin, Some speculations on storage and retrleval processes in long-tems memory. February 2, 1968,
(Psychological Review, 1969, 76, 179-193.)
J, Holmgren, Visual delection with Impev(ect recagnition, March 29,1968, (Percoption and Psychophysios , 1968, 4(4). R
L. B. Mlodnosky. The Frostig and the Bender Gestalt as predictors of teading achievement. Apvll %2,1968.
P. Suppes. Some theoretical models for mathematics learning. April 15, 1968. (Journal of Research and Development In Education, 1967,
1, 5-22.)
G. M. Olson, Learning and retention in a continuous recognition task, May 15, 1968, {Journal of Experimental Psychotogy, 1969, 81, 381-384.) .
R. N. Hartley, An investigation of tist types and cues to facilitate initia) reading vocabulary acquisition. May 29, 1968. (Psxchon_o_q_nLc Science,
1968, 12(0), 251-252; Effects of list types and cues on the leaming of word lists, Reading Research Quarterly, 1970, 6(1}, 97-121.)
P. Suppes. Stimulus-response theory of finite automata, June 19, 1968, (Journal of Mathematical Psychology, 1969, &, 327-355.)
N. Moler and P. Suppes, Quantifier-iree axioms for constructive plane geometry, June 20, 1968. (Corapositio Mathematica, 1968, 20,143-152.)
W, K. Estesand D. P, Horst, Latency as a function of number of response alternatives in paired-assoclate learning, July 1, 1968.
M. Schiag-Rey and P, Suppes. High-order dimensions in concept identification, July 2, 1968. (Psychometric Science, 1968, 11, 141-142,)
R. M. Shiffrin, Search and retrieval processes in long-term memory. August 15, 1968.
R. D. Freund, G. R, Loftus, and R, C, Atkinson. Appl(cations of multiprocess models for memory to continucus recognltlon tasks, Dccember 1%,
1968, (oumal of Mathematical Psychology, 1969, &, 576-594.) RS
R. C. Atkinson, Informatlon defay in human learning. December 18, 1968. Wourna! of Vl.-rbal Learning and Verbal Behavior, 19653, 8, 507-511,)

* R. C, Atkinson, J. E, Holmgren, and J. F. Juola, Processing time as lnfluenced by the nnrnbev of elements in the vlsual display. March 14, 1969.

{Perception and Psychophysics, 1969, 6, 321-326.)

P. Suppes, E. F Loftus, and M, Jerman, Problem-solving on a computer-based teletype. March 25, 1969. (Educational Studlas in Mllhemallcs,
1969, 2,1-15.) o

P. Suppes and M, Momingstar, Evaluation of three computer-assisted instruction pvograms. May 2, 1969, (Computer-assisted Insl.ructlon. Science, -
1969, 166, 343-350,) ' )

P. Suppes. On the problems of using mathematics in the development of the sccial sciences. May 12, 1969. (!n Mathematics in the soclal sciences -

in Australia, Canberra: Australian Government Publishing Service, 1972. Sp. 3-15.) -

Z, Dovroto'. Probablllstlc relational structures and their applications, May 14, 1969,

R. C. Atkinson and T. D, Wickens. Human memory and the concept of mlnfwcement May 20, 1969. (inR. Glazer (Ed, )y The nature of reln!orcemnt
New York: Academic Press, 1971. Pp. 66~120.}

R. J. Titlev. Some model-theoretic resuits in measurement theory. May 22, 1969. (Measurement structures in classes lhat are not unlvefsally
axiomatizable. Journal of Mathematical Psycholony, 1472, 9, 200-205.) ’

Ausuallan Government Publlshlng Service, 1972, Pp. 613-622. ) SRS
P. Suppes and C. ltwke. Accelerated program in elementary-school mathenatics=-The !ourth year, August 7, 1969 (Ey_c_y in the Schools, o :
1970, 7, 111-126.) _ S
D. Rundus and R. C. Atkinson. Rehearsal processes in free recall: A procedure for direct observation, Auyust 12, 1969. Wournal of Verbal ©

Learning and Verbal Behavior, 1970, 9, 99-105. |
P. Suppes and S. Feldman, Young childean's comprehension of fogical connectives. October 15, 1969. (Journal ol Experimental Chlld
Psychology, 1971, 12, 304-317.)
J. H. Lavbsch. An adaptlve teaching system for optimal item allocation, November 14, 1969,
R. L. Klatzky and R. C. Atkinson. Memory scans based on altemative test stimulus representations, November 25, 1969. (Percggti and
Psychaphysics, 1970, 8, 113-117.) .
J. E. Hoimgren. Response latency as an indicant of information processing in visual search tasks. March 16, 1970
P. Suppes. Probabilistic grammars fcr natural languages. May 15, 1970. (Synthese, 1970,11, 111-222.) ’

K. N. Wexler. An automaton analysis of the learning of a miniature syslem of Japanese. July 24, 1970

R. C, Atkinson and J. A. Paulson. An approach to the psychology.of instruction. . August 14, 1970, (Ps!chologlcal Bulletln, 1972, 18, 49~61 )

R. C. Atkinson, J. D. Fletcher, H. C. Chetin, and C. M, Stauffer. Instruction in initial reading under computer control; The Stanford project. i
August 12, 1970. (In A. Romano and S. Rossi (Eds.), Computers in education . Barl Italy: Adriatica Edlulce, 1971. Pp. 69-99. B ’
Republlshed Educational Technology Publications, Number 20 In a series, Englewood Ciffs, N. J.) o e

0. J. Rundus. An analysis of rehearsal processes In free recall, August 21, 1970, (Analyses of reheanat processes ln free recall Journal‘ .
-of Experimental Psychology, 1971, 89, 63-77.}- :

R. L. Klatzky, J. F. Juola, and R. C. Atkinson. Test stimulus representation and experimertal context effects in memooy scanninq. (Joumal R
of Experimental Psychology, 1971, 87, 281-288.) .

w. A Rottmayer. A formal theory of perception. November 13, 1970, . o

E. J. F. Loftus. An analysis ol the stmcuwal varlables that determlne problem-solvlng dmiculty ona computer-based telelype. Decerrber 18
-1970. : s

J. A. Van Campen, Towards the autcmatlc qenefatlon of pvogrammed lorelqn~language Instruclional malerlals. January 11 1971.

J. Frlend and R c. Atkinson. Comwm-asslsted lnstmctlon in pfogrammlng “AID. January 25 1971. R




SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

REPORT DOCUMENTATION PAGE DEF ORE COMPL G FORM
f. HEPORT NUMBER 2. GOVT ACCESSION NO.[ ). RECIPIENT'S CATALOG NUMBER
222
4 TITLE rand Subtitle) 5. TYPE OF REPORT & PERIOD COVERED
CCMPARESON OF STUDENT PERFORMANCE AND ATTITUDE Technical Report
UNDER THREV-LESGON SELECTION STRATEGIES IN
COMPUTER-ASCISTED INSTRUCTION . PERFORMING ORG. REPORT NUMBER
7. AUTHOR's) & FONTRACY OR GQRANT NUMBER(e)
Marian H. Beard, Paul V. Lorton, Barbara W. NOOO14-67 - A-0012-0054 °

Searle, and R. C. Atkinson

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK
Institute for Mathematical Studies in the Social |  A"EA® WORK UNIT NUMBERS
Scicnces - Stantord University NR 154-326
Stanford, California 94305

17. CONTROLLING OFFICE NAME AND ADDRESS 12, REPORT DATE
Personnel & Training Research Programs 31 December 1973
Office of Naval Research 13. NUMBER OF PAOES
Arlington, VA 22217 73

14, MONITORING AGENCY NAME & ADDRESS(I! dlfterent from Controlling Otiice) 18. SECURITY CLASS. (of thie report)

ncne

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited

17. DISTRIBUTION STATEMENT (of the abetract entered In Block 20, il ditferent from Report)

8. SUPPLEMENTARY NOTES

19, KEY WORDS (Continue on revaree aide if neceeeary and identily by block number)

Computer-assisted Instruction
Instruction Control Strategy
Computer Programming Education

20. ABSTRACT (Continue on reveree eide If neceseary and identity by block number)

Three problem selection strategies Qstudeni.seleciion, program selectlon
weighted by past performance, and forced selection independent of student

history) were compared in a CAI course in computer programming. Various
measures of aptitude, performance and attitude were examined. No consistent
difference was observed among the three groups. The results are discussed

DD , 5™, 1473 Eoimion oF 1 Nov 8313 owsoLETE
§/N 0102-014- 6601 |

Q

SECURITY CLASSIFICATION OF THIS PAGE (When Deta Entersd)




L LIRITY CLASSIFICATION OF THIS PAGE(When Data Entered)

in terms: of the specific experiment and the general problem of curriculum
design for comparing path selection strategies. Continuing experimentation
is described.

SECURITY CLASSIFICATION OF THIS PAGE(When Deta Entered)



QW VUUSQOU

COMPARTSON CF STUDENT PERFORMANCE AND ATTITUDE UNDER THREE LESSON-
SELECVION STRATEGTES IN COMPUTER-ASSTSTED TNSTRUCTION
by
Marian i{, Beard, Paul V. Lorton, Barbara W. Searle,

ang R. C. Atkinson

TECHNICAL FEPORT NO. 222 U.S DEPARTMENTOF HEALTH,
EDUCATION & WELFARE
NATIONAL INSTITUTE OF
EDUCATION
December 31, 1973 THIS DOCUMENT HAS REEN REPRO

DUCED EXACTLY AS RECEIVED FROM
THE PERSON OR ORGANIZATION ORIGIN
ATING IT POINTS OF VIEW OR OF INIDONS
STATED DO NCT NECESSARILY REPRE
SENT OFFI(C'AL NATIONAL INSTITUTE OF
EDUCATION POSITION OR POLICY

PSYCHOLOJY & EDUCATTION SERIES

keproduction in Whole or in Part is Permitted for Any

Purpcse of the United States Governwent

Thiz research was supported jointly by the Advanced Projects
Research Agency of the Department of Defense and by the Cffice
of Naval Research, Perscnnel and Tralning Research Programs,
Psychological Sci=nces Division, under Contract No. NOOOLl4-67-
A-0012-005k.

INSTITUTE FOR MATHEMATTICAL STUDIES IN THE SOCIAL SCIENCES
STANFORD UNIVERSITY
STANFORD, CALITCRNILA



ARPA Order Number: 2284 /8-30-72

Contract Number: NO001k4-6T7-A-0012-0054
Program Code Number: 3020

ONR Project Number: NR 154-326

Principal Investigator: Richard C. Atkinson

Professor of Psychology
(415) 321-2300, Ext. 3487

Contractor: Institute for Mathematical Studies in
the Social Sciences
Stanford University
Stanford, California 94305

Scientific Ofticer: Dr, Joseph Young
Assistant Director
Personnel and Training Research
Programs
Office of Naval Research (Code 458)

Effective Date: 1 August 1970

Expiration Date: 31 July 1974

Sponsored by
Advanced Research Projects Agency
and
Office of Naval Research
ARPA Order No. 2284

The views and conclusions ccntained in this document are those
of the authors and should not be interpreted as necessarily
representing the official policies, either expressed or implied,
of the Advanced Research Projects Agency or the Office of Naval
Research or the U. S. Government. Reproduction in whole or in
part is permitted for any purpose of the U. S. Government.
Approved for public release; distribution unlimited.




O

ERIC

Aruitoxt provided by Eic:

TECHNY Zal REPORT SUMMARY

This study investigated the effects on student performance and
attitude of three dirfferent strategles 1for selecting lessons 1in a
course in computer programming presenced by computer. The focus of the
investigation was a comparison of computer selection wvs student
selection of instructional material.

A commonly held belief is that students prefer to exercise
concrol bver their course of study; this assumes that they are capable
of making such decisions, and that provision for such contrcl will be a
motivating factor reflected in an increased rate of leavning. Little
experimental data exist to support this belief. 1In fact, it iIs not
even known how much control students will exercise when glvea the
option. This study was designed, in pavt, to examine the effect of
student control on both performance and atcitude.

The study was conducted uvsing eight remzte tevminals linked by
telephone lines to <che PDP-10 compuzaer at the Compu.izr-assisted
Instruction (CAI) Laboratory of the Inatci:fste £or Mathemauizal Scud.es
in the Sccial Sciences (IMSSS) a: Staafcwrd University., a s.mple and
inexpensive device (Model-33 teletypz) was used as the stadent
terminal. The CAI program dimposad no time constraiants; 3tudents ware
free to spend as much time as they chese on aay lesson.

The course, "Computer Programming in AID,” was designad for one
quarter or one semester of instructica in the Algebraic Intercpretive

Dialogue (AID), a mathematically oriented progranming language. 1t
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wonslsts ot 36 pavallel sets of shor* and long lessons as well as tests
aud exsea-cradi: problems Long stssons cover the same materisl as the
corresponding short lessons, but in greater detail. An outline of the
csarse is shown in Table 1.

Thivee axperimental conditions were astablished: free choice,
no thoice, and program choice, Students in the "free-choice" condition
were permitrved to alter thelr poszicion in the course at any timé.
Students in the '"no choice" condition followed a straight path through
the long lessons, with a test afcer every fourth lesson, and were not
ailowed to aiter the sequaace of lessons. Students In the 'program-
choice" condition followed a modified path through the short lessons
with a test aftex every fcurtch lesscn. The progress of these students
was monitvorzed by the progr-am, and the corresponding long lesson was
presenced when a studenit performed below a set criterion, elther in a
shoro lesson Oor oam & Test.

S5ixty students, distributed bpetween both schools and over the
entire 1972-3973 gchoal year, ware selecced as subjects for this study.
Three zqual geoups wave created by vandom assignment to each selection
conditicn,

The measures used 1in the analysis were: the Computer
Programmiag Aptitude Battery, two final examinations prepared by the
project staff, the responses to an attitude questionnraire, the number
of times a student signed on to the course, the number of minutes spent

signed on, the number of lessonz taken, the number of problems correct,
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the unumper cof problems attempted, the percentage ccrrect, and the
highest lesson completed.

Our results 1indicated nc significant differences among the
three conditions cn any of the performance or attitude measures. It
cannot be sald, on the basis of these findings, that a curriculum
offaring extensive student control 1s either superilor or inferior to a
program~nentrclled ceguence. In fact, it appears that the 'free-
choice" students did nct maks suificlent usz of their choice option to
alrer dramatically the sequzace of lagsons.

The implicaticns of these rasuits deserve some discussion. A
student’'s use of choice options is related to the curriculum he is
studying, bcoth in i:s content and in 1its instructional design. The
subjecc matter taught in the AID course was organized In a

hierarchical, cumilavive set of lessons, each to some extent dependent

n

or. conzepte and skiils devsloped in eariiz2r lessons. This inherently

linea: organization, although qui%e common in computer programming

iastrucstion, doas mot lend dvself to student contrxol over the
currizulum, beyoad skippiag or veviewlng items, as evidenced by the
similarity of the sequenceé folilowed by the subjects in the three
Broups.

It 1is possible to construct a fundamentally mnonlinear
inszructional-experimental envircnment 1In which program and student

strategies can be examired more fully. Building on the results of the

current siudy, we arve developing and rtesting a very different CAIL
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surriculum The course centent wilyr Dbe the same--introductory
prog:amming-~but one major feature distinguishes the new curriculum
trom the AID sourse. The instructional sequence will be inctentionally
asn:sinzay, i.e,, it will be dependent on students' acquisition of
skiiis in inte:relatad conceptual zreas instead of their progress
thrcugh a derined series of lessons. The curriculum driver will be
capavb.2 i making decisions asbout students' abilities cn tne basis of
an informational wetwork of prog:amming rconcepts, and will be capable
oi selecting an instructicnal task appropiiate to students at their
pa:ztizciar level. This design implies the possibilicy of exploring
dirferences in che performance o: those studeants whose selections are
made by the pecg:am and those who are forcad te chocse problems that
canactz, by *he mnature of the network dssign, bz sequanced in a
preplanaid hierarchy. There will be nc predstermined, recognizable
"dafau.t" sejuenze, and to the students, the curricuium will appea: as
an ..iiv-.duaiized segquance of pregramming tasks-

Oue plaanad experimear will egain inmveive program-selection and
stugea~-seiw ticn medes: in the program-selection mode all
instrucstiosa, hiats, aad proolems will be generated by the prsgvam as
determined by 1ty decision-making capabilities. In the student-
selecrion -mode, the problems and instsuctional hints  will be

spezifically requested by the studenct.
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INTRODUCTION aND BACKGROUND

Environmen: and Ejuipment

Ini1s study was 1initiated as a prelude to a more elaborace
inveszilgatioa of branching strategies. It was thought that the
besanzhing procedure wszd  here :culd answer certain preliminary
quastions ot the evalusticn 1inscivments> and on the content of the
course 1tselt.

The stady was conducted using four CAI terminals located at the
University of 35au Francisco (USF) and four terminals located at De Anza
College 1in Cupertino, <California. The terminals were linked by
telephcae lines ©s the PDP-i10 ccomputer a: the CAL Laboratoxy of IMSSS
at Stants:d Universicy.

The Staunrswd Cal communication natwork supports approximately
200 re:minzls, -znging from Model-33 telerjpes vperétlng atr 100 words
per mruute (0 high-spsed cathodz2-.zj cube displays sperating 3t 10,000
words per minute  Although cthey ;::vide no audio, visual, or graphic

a2letypes are sturdy, Low-cost devices that provide the

capabilir:iies,
studeat with a zxwai=¢d  :cpy of his intevaciilon with the instruccional
program,

The C4I term:iuals av USF wers lczated 1n a classroom near the
offize ¢t c¢he College >f Business Administration, under whose auspices
tha research przgram at USF was implemented. On weekdays, students had
free access tc rthe CaAl terminzls from 12 a.m. to 10:00 p.m.,, and on

weekends a: pewmizited by the scheduling or computer down-time.

AN}



Schedules were used to apportion terminal time; three terminals were
available for advance sign-up in one~hour time blocks. The fourth
terminal was available on a first-come, first-serve basls for one-hour
periods, Under 1deal operating conditions four terminals would have
provided 200 hours of terminal time per week, enough to comfortably
accommodate the approximately 50 students registered for the course
during the fall semester. Scheduling problems did develop, however,
and thus enrollment for the spring semester was kept under 25 d1in order
to insure adequate access to the terminals.

The four terminals at De Anza College were located in the Data
Processing Laboratory. The course was given by the Business and Data
Processing Division and was open to all students. Eighteen students
were enrolled for the fall quarter, 14 for the winter quarter, and 16
for the spring quarter. With this number of students no scheduling
problems arose.

The CAI pregram imposed no time constraints on studenis working
at terminals. Students had unlimited time to rgspond to each question,
and o complete a lesson. The process of initlating Interaction with
the dnstructional program is called '"signing on," and disconnecting
from it, "signing off." When a student finished a lesson he was free
to sign off, or to continue with another lesson. He was also permitted

to sign off in the middle of a lesson.



The course, Computer Programming in AID, was designed for one
quarcer cr one semester of instruction in AID. It consists of 36 sets
of lessons plus tests and extra-credit problems. An outline of the
course is presented in Table 1. AID resembles BASIC in its use of line :
numbers and in its relatively simple grammatical rules, but it diffe:éﬁ_f
from BASIC 1in that AID allows recursive procedures. The IMSSS
implementation of AID 1s Jaterpretive and provides students with
diagnostic messages and flexibility in changing programs. Topics
covered by the curriculum include conditional execution, loops, lists,
two-dimensional arrays, standard functions, user-defined functions, and
recursive functions (see Friend, 1973).

The AID course was extensively :-evised for wuse 1in this
investigation. The revised curriculum is organized into four strands,
containing Short Lessons (SL), Long Lessons (iL), Tests (T), and Extra-
credit Froblems (EX). Lessons in the LL strand cover the same material
a: those in the SL strand, but 1in greater detail. The average lesson
from the SL strand has about 20 problems, while that from the LL strand
has about 30 problems. Many of the problems in both types of lesson
have frcm on2 to three subproblems.

The test strand contains nine tests. A test is designed to

cover the immediately preceding four lessons. It contains 40 items, i0

for each of the four lessons.



The EX strand does not contain a lesson at each level; the EX
lessons are listed in Table 1. An EX lesson typically contains from

one to five programming problems, some of considerable complexity.




DESIGN AND EXPERIMENTAL PROCEDURES
Subjects

Two groups participated in this study. The first consisted of
University of San Francisco students enrolled for academic credit 1in a
course introducing the wuse of computer§ 1n business administration.
These students are required to take a programming course, but are free
to choose among several options. Thus, enroliment for this course was
voluntary. The fall class numbered 49, 30 men and 19 women, and the
spring class numbered 23, 16 men and 7 women. Subjects were mostly
first-year ‘'students and none had prior programming experience.

The sezond group of students attended De Anza Junior College,
and did not fulfill any requirements by enrslling in the AID course.
The distribution of students enrolled was (a) for fall, 11 men, 7
women; (b) for winter, 9 men, 5 women; and (c) for spring, 9 men, 8
women ,

Sixty students, distributed baiwzen both schools and over the
1972~1973 school year, were selected as subjects for the results

reported beiow.



Experiuentai Conditions

The three experimental conditions designed for this study are
Student Selection (SS), No Selection (NS), and Program Selection (PS).
The conditione are distinguished as follows:

{. 85. A student in the SS group was permitted to alter his
position ian the <course at any time. The use of three control

charaz:ers was available to him.

Control Character Action
CTRL~G choose a different lesson and/or
problem
CTRL~-T have the terminal print the answer
to the current problem
CIRL-H skip the current problem

The SS studeat was permitted to wuse AID at any time, whether the
current problem invclved writing a program or not.

2. NS. Procadures for the NS group were designed to guide the
student cn a straight path through the LL strand, with a tesc (T

crand) after ewvaxy fourth iesson. The control characters described
above did not operare for the NS Group. A student was not allowed to
alter the order ir which his lessons were presented and he was
permitted to use AID only for programming problems.

3, PS5, The student in the PS group followed a medified path
through <the SL strand with a test after every fourth lesson. The
coacrol characters described for the SS student were not available to
the PS sctudent, and a student was permitted to use AID only for
programming problems. The student's progress through the SL strand was

modified in twc difrerent situations:

10



1. At the end of each SL the student's score was checked. If
he answered 90 percent or more of the problems in the lesson correctly
on the first try, he was sent to the corresponding EX lesson if one was
available. If his score was below 75 percent, he was sent to the
corresponding LL for further work. In either case, after completing
the branch lesson he returned to the next lesson in the SL strand.

2, After each test the student's score was checked for the
items related to each of the previous four lessons. He repeated the LL
lessons related to those concepts on which his test performance fell
below 75 percent. After taking the prescribed reviews the student
returned to the next SL lesson following the test.

The 60 students were roughly matched on the basis of their
performan;e{on the aptitude battery given as a pretest at the beginning
of the course. The three equal groups studied here (SS = 20, NS = 20,

PS = 20) wers created by random assignment.

11
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Criterrion Measurces

Srudents were tested at the beginning of the semester using the
Computer Programmer Aptitude Battery (CPAB), published by Science
Research Associates, The CPAB is comprised of five separactely timed
tests, measuring the folicwing s&iiii: and aptltudes:J/iggbaiﬁmeaning,
reasoning, l2tter series (a test of ab;??art-feasnniﬁﬁ ability), numberx
ability, aad disgramming (using tlcw charts;

Several instruments were used 2t the end of the semester to
evaluate performance and attitude. The project staif prepared a two-
pazt final examination. Part A was arn off-line, closed-book test
covering the zutire course, It contained 53 questions, some requiring
construcced responses, o?hers, mulripis choice. It was designed to
tast (a) knowledge of AID syntax, (b) understanding of program flow,
(c) abilic; to analyze a prcgram and to predict its output, and (d)
abilizy €2 construct or complete programming algorithms to solve a
speciiic geooblem, Part B consisted of five programming probiems that
ware ¢« be weitten at CAI terminals. Students were permitied to use
nctes zaad the course handbook. For each p:abiem_ they submitted a
listiag of their program and sample cutput. Parts A and B of the final
examinaticn -an be found in Appendix A.

An attitude quéstionnaire was administered to USF students.
The quescionnaire (Appendix B) is a revision of one developed to

vaiuate a CAI project at Tennessee State University (see Searle,

4]

Lo:ton, Goidberg, Suppes, Ledet, & Jones, 1973). Iz contains 12

12
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statements abour the student’s CA] exparience. A seven-point scale was

used to indicate the degree of agrzement with with each statement.

Various parameters c¢f studeat performancze on the course

used. Thesea pewformance chavacteristics were obtained from data

coliected by the instructional program. The prcgram saved all student
y Prcg P

responses., Only first responses were used to determine the number of

pzoblems correct.
The fuil list of measures used in the analysis includes:
1. Performance on the CPAB
2., Performance on final examinations
a. Test A {(project off-line, closed-book examination)
b. Test B (project on-line examination)
3. Responces to the attitude questionnaire

4, Number of times rhe studen® signed cn to course
(# SIGN ONS)

5. Toxal aumher of minutes spent signed on to course
(MINUTES)

6., Total number of lessons tzken
(LESSOKS)

7. Total number of problems worked correctly (# CORRECT)
8. Total number cf problems attemptad {# PROBLEMS)
9. Percentage correct (PERCENT)

10, Highest lesson completed {(TOP LES30N)

ERIC =

Aruitoxt provided by Eic:
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Aruitoxt provided by Eic:

ANALYSIS aND DISCUS3ION OF EXPEKRIMENIAL RESULTS

Aptitude Measures

Scores on the CPAB for students in the three experimental
gzoups are shown in Table 2. The CPAB test manual indicates that
percentcile noxms for experienced ccocmputer programmers and systems
anzlysts are based cn the scores 9f personnel from a variety of
business and industrial lngtaliations, including computer
manutfactuzecs. Norms for programmer tcrainees are based on the scores
of appiizants for jobs with civil service agencies and persons enrolled

in basic-computer-systams ¢raining at universities or computer-

mznurzccurer craining sites. Approximately 80 percent of the

experienced programmers and 50 per<ent of the programmer trainees were
cocllege graduates.

Tabie 3 shows a comparisom between the experimental subjects'
szoves and the norms of the aptitude battery for both programmer
trainees and experienced preogrammess. The average score for the
experimental group, 62.06, lies in the 55th percentile on the scale for
trainees a&and 1n rthe 9th percentile on the scale for experienced
programmers.

The CPAB manual states that performance on the Letter Series
Subtest is least affected by education and experience; this may weil
ar..ount for the experimental group's relatively high percentile rank
(57) compared with rankings cn other subtests on the experienced

programmers’ scals,

1k
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Pevfcrmance on the CPAB pioves (o be a useful predicuor of
performance on the AID course. The correlations between scores on CPAB
subtests and twc performance measurss, percentage correct in the course
and score on Test A, are shown in Tabie 4.

Tctal z>re on the CPAB accouats for 46 percent of the

[£13

variability in per:ientage cozrect in the course, and 32 percent of the
variabiiity in Test A scores. The claim by the developers of the CPAB
that performance on the Diagramming Subtest is highly related to
subsequerit success in programming is supported by the results in Table
4, The two subtests with lowsst predi:tive ability are verbal meaning
and numbec ability. The AID zusriculoa uses numerical examplies
exclusiveiyv in providing programming protlems; neverctheless, the
subtests that depend on reasoning ability serve as better performance

predictors.
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Curriculum Performance Measures

Descriptive measures of progress in the curriculum for each
experimental group are presented in Table 5. The average percentage
correct over all lessons for all students was 72.48. Students signed
6n for sessions at the terminal an average of 59 times and worked, on
the average, s total of 2056 minutes. They attempred, ¢n the average,
1303 probleﬁs and covered over 36 lessons (including both short and
long lessons). There were no significant differences among the three
experimental groups on any of the measures of course wusage and
progress. The NS studsnts, who took only the long lessons, spent more

time st the terminals, and attempted more problems than students in the

other twc groups, but the differences were small.

ERIC 1

Aruitoxt provided by Eic:
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Use of Choice Options

The SS students were allocwed complete control over the
selection of lessons. All students had a 1list of the lessons 1n the
course and were told how to select 1lessons., The §SS students made
little use of this opportunity to contrcl the sequence of lessons and,
in effezt, to 'individualize’ their currizulum. The path through the
course of the 20 35S students was compared with the standard order of
lessons shown in Table 1 (lessons 1-4, test 1; lessons 5-8, test 2;
etc,)., Ten students showed nc¢ deviations from the standard pattern,
three students took one or two lessons out of order, three students
took three or four lessons out of ordexr aznd the remaining four students
took more than f£our lessons oui of order. Thus, approximately ﬁhree—
fourths of the studenis made essentizlly ao wuse of the freedom to
change the oxder of their lessons.

The paths through %the vouvze chogen by the four students who
deviated most from the ztanderd oider ave shown in Table 8. Student
used the choice opzion to take tests sut of vrder; Im all but one case,
ha opt=2d to taeks <the tezts eariy. Studeatr 2 ook an essentiaily
sc.raight path though the short and iocng lessons, occasionally skipping
an LL lesson c¢o return t<¢ it later, and, twice, to zreturn to an EX
lesson. Studeat 3 skipped ahead to work LL lessons out of owder, but
returned to work SL lessons sys:tematically, skipping oniy SL11 and
SL16. Student 4 skipped arsund a bit early 4in the course, but later

used the choize option cnly to take tests out of order.

17



Ia almost no ceses did students use the choice option to skip
forward in the curriculum. Students were ektremely conservative in the
use of their freedom to sequence the course; most often they used this
freedom to take tests out of order or to return to forms of lessons
already taken.

Table 7 summarizes the choice of lesson types for the SS
students. Students 1-4 are those whose paths are shown in Table 6. Of
the remainder, one took LL lessons only, while five combined a mixture
of SL and LL lessons in approximately equal numbers. The rest of the
students (with only minor exceptions) worked only SL lessons., Thus,
approximately half the students chose the fastest straight path through

the course.

18



Final Lxaminations

A two-part final examination was administered by the project
staff to students in the experiment. Results of this examination are
shown in Table 8. Becauze of scheduling difficulties 13 students were
unable to take Test B of the examiunation.

Although the mean scecres for the threz experimental groups do
not differ significantly, the scor=zs £ou the NS studentsz were slightly
higher on Test A and slightlyfioWer on Test B than <rfor thc other
groups,

Test A was an off-limne, paper—and—pehcil examination. Results
of a liﬁear regression analysis using performance on Test A as the
dependent. variable ace shown in Table éo The top lesson taken and the
score on the CPAB together account for mor: than 50 percent of the

variability in the Tast A score.
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Attitude Questionnaire

The attitude questionnaire (Appendix B) contains 12 items
ranked by students from strong agreement (1) to strong disagreement
(7). The mean respcnse by condition to each question is given in Table
10. .

Generziizing cver all siudents, the strongest responses showed
agreemerit with the statements in questions 1 and 3. These were "I
worked as hacd answering questions in the computer lessons as I do in
the ~iassrcom' aad "I like working at my own pace at the terminal,"
respeztivaly. PS students agreed more strongly than the other groups
with question 7 (means are SS = 2.588, NS = 2.632, PS = 1.824), and SS
students agresd mcre strongly with question 3 (SS = 1.412, NS = 2.421,
Ps = 2.588),

Roth zf +these results demonstrace favorable attitudes toward
payticular zepezts ci ©the CAI experience. The mean responses do not
dzmonstrate a sirvag negative feeling toward CAIL on any question.

Two of *the zttitude questions show relatively high correlations

-with zome des::ip*ive measures and with test performance; the results

I
are shown in Table 12. The questions are WNo. 2, "I learned from the
compiter iesscns a® well as I would have learned the same lesson in the
:iassroom," and No. i0, "I would like to participate in another CAI
course,'" Students who touk more lessons and answered more problems
cortectiy tzaded to have favorable attitudes. Performance on Test B

correlated with positive at:zitude on questions 2, 3, and 4.

20



There were no significant differences between conditions in
responses to the questions, as shown by the results of an analysis of
varlance presencted in Table 11. TFor all of the attitude questioms, the
between-groups degrees of freedom (d.f,) 1is 2, and the within-groups
d.f. is 50, For significance at the .01 level, an F ratio of 5.06 is
neadad; at the .05 1level, an F ratio of 3.18 is needed. None of the

ratics found reach these significant values,
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Item Analveis

A master 1ist matching items on Part A of the final examination
with the lesson each item tested was preparad by the author of the
course, J.E. Friend. Student responses to items for which they had and
had not taken the apprepriate lesson are shown in Table 13.

The labels in the '"Lessoum Status' column of Table 13 are
indepeundent of the chree experimental conditions. Each item in the
examination tested matérial covered by both an SL and an LL lesson.
For each iteam, each student falls into one of the 'Lesson Status"
categoriss by virtue of those lessons he completed. For example, the
"Not Taken" category inzludes students from all three experimental
conditions. The "SL Only" includes only SS and PS students; the "LL

Only" in:ludss only 3S and NS studenis; and the "SL & LL" includes only

Tabie 13 chows, for example, that of the 1367 incorrect

talilied ca the examinaticn, 362 were made by students who had

r{
(]
01
o
o
r
)
(l
u
o

a0: taken either SL or LL lessons associated with the items, 455 were
mzde by studerts whi had takea the zsscziated SL lesscn only, 274 were
by students who had taken the associated LL lesson only, and 176 were
by studemnts who had taken both thz SL and the LL lessons assoclated
with the item. Therz were 98 items skipped by students who had taken
the lessons on which they were based, compared with 195 items skipped
by studentz whe were unfamiliar with the material on which the item was

based. There were 349 cogrrect zesponses made by students who had not



tdken che appropriate lessons for the items. An examination of these
responses revealed that 215 of them were to six questions that gave the
student a binary choice (true-false, correct-incorrect), and it is
likely rhat guessing played & large zole din producing these correct
answers .

Table 14 shows the percentapge coriect, incorrect, and not tried
for ali students, and wpe:scentage worrect and incorrect based on total
attempts. Apparently students who took only the LL lesson did
substantially better (61.8 to 38.2 percent) than students who took only
the SL lesson (51.7 to 48.3 percent). Students whe took both the SL
énd LL lessons tell in between. This 1is not a. surprising finding since
most of those who tsok both lessons needed extra review and were thus

not likelv to be the sest students.

N
w



O

ERIC

Aruitoxt provided by Eic:

SUMMARY aND CONCLUS..ONS
The focus of this 1invastigation was a comparison of <computer-
pregram-contirciled selectionn  zad student-controlled selection of
instructional macerial during one quarter or one semester of
instructioa in AID The pe:fommance and attitude of 60 students were

cRaminzg: 20 in  :he "studant-szeleczicn” conditicn, 20 in the 'no-

condivon, aad 20 in tne "program—selection” _ondition,
Resuiitz indilated no significant differences amon the three
g
conditions o1 any ot the performance v attitude measures, although

thexz are dinterescing correlations among che measures over all

students. Or. the basis of these findings, a <urriculum offering

excensive student ceatrol cammer be demoustrazed to be either superior
or :aferior %o 2 progoam-iontrolled sejuence.

Tt is clear “hat the SS srudean:s did not meke surficient use of
their -hoize cptlon = zliver dramaticzlly the sequence cf lessons, and

the ouigiasli quescionn of gtudent vs program control

{zom the data coilected.

vaiated to cne curriculum

(e
¥}
o]
w
..A
us

he is =tudying, both xn 175 content and in j¢s instruccional design. A
curricul.m wmay 1accrporate variouz degrees of 1imzarity, oranching
faility, zr=medial coavent, diaiopue capadsility, student performance
anaiysis, parallel content strands, etc, and these featares may be
developed and combined s> tha: thzy morivate a student either to
exer:ise opticus o¢ 0 azzept obvious choic2s as they are ofiered.

),
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The subjecy matrer taught in the AID course was organized in a
hierarchical, cumulati&e sez of lassons, each to somes extent dependent
on concapts and skills develsped in earlier iesscns. This inherently
linear organization, although fairly coumcr in conventional instruction
in the subject, dnes not Jend itself to rvhe exercise 3T student control

of the curriculum beyond ski ng c. reviewing, as ewvidenced by the

o
i
‘o

e

performauce of the zubjeczs of this study. The most effective lesson
sequence, in their wview, 1is the straigh:t 1line of the original
conceptual design. The 33 students weve explicitly encouraged to
develop their own alternative strategizs, and during the year this
encourzgemeni was repested many iimes. Thus, it must be concluded that
the linear paths were ochosen in conscious prefereunce to any
individually developed algorithms, which resulted in some
disappointment to the experimenters.

The exgerineui, therefore, does wst priperly atrtack the

question of medes of conufrul. Howevzr, it i= poszible to constiuct a

£l

fusdamentally nonlinesr instrusticzal-experimental &nvircnment in which
program and student scrazegies cz2n be examined more fully. Partly on
the basis of the inccnclusive resvits of fhe current study, a very
differant CAI curriculum is bzing developed and is new in  the dinitial
testing stage. The course content will be the same--introductory
programning--bat one major feature distinguishes the new curriulum
from the AID course. The instructicnal sequsnce will be intentionally

noniinear, 1.e., it will be dependent on studenis' acquisitiocn of



skills in in:evrelated ~onceptual avesas 1Instead of cheir progress
through a deflned series of lessons. The currizulum driver will be
capable of making decisions about students' abilities on the basis of
an ‘nrormational network of programming concepcs, and will be capable
of selecting an instructional task appropriate to students at their
particular level. This design implies the poesibility of exploring
dirferen~es in the performance of those students whose selections are
made by the program'and those who are forced tc choose problems that
cannot, by the mnature of the. network design, be sequenced 1in a
preplanned hierarchy. There will be no predetermined, recognizable
"default" sequence, and to thé students, the curriculum will appear as
an individualized saquencze of programming tasks. Instruction will be
given only in response :o the students' difficulties and requests.

The new course, which will teach the BASIC programming
language, *s beirg designed fo <est selection strategies in a more
fiuid environment, In the PS mode, all instruction, hints, and

problems will be peuerated by the program as determined by its

cecision-making capabiiicies. Noze that this 1rzquires considerable
arzor diagnosis and interaccive capabilities. In che SS mcde, the

probiems and insftiuccional nints will not be gilven automatically by the
program, but must be requested zp2cifically by the student.

It is hoped that this design will facilitate experimentation
with instructional control stractegies in a technical field, and at the
same time allow encugh sreedom 1in the currizulum co make a ''strategy"

meaningful and necessary.
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TABLE 1

AID Lessons

Topic

How to use the instructional program
Using ATD fox arithmetic: The TYPE
ccmmand
Order 2f arithmetic operations
Exponents and scientific notation
!

The SET aud DELETE commands
Indirect steps, the DO command,
the FOR clause
Stored programs: Parts and files
The DEMAND command and the TIMES
medifier
2

Relations and the use of the "if"
clause

The TO command

Debugging techniques

Thz indirect use of DC
2

-

More on debugging
The FORM statemant
Absolute valiue
Loops

4

Mc:e ou 1zops

Loops and the FOR clause
Debugging tsuis: STOHP and GO
Loops with & DEMAND command

5

Lists

More on liscs

Ar:rays

Nestzd lcops and nested DO commands
()

More on arrays
The LET command

Standard functions: SQRT, IP, FP, SGN

SUM, PROD, MAX, and MIN

7 27

Test

T1

T2

T3

T4

T5

T6

T7

Lesson identifiers

Short

SL
5L

SL
ST,

SL

SL
SL
SL

SL

SL
SL
SL

SL
SL
SL
SL

SL
SL
SL
SL

SL
SL
SL
SL

SL
SL
SL
SL

o

W

10
11
12

i3
14
15
16

17
18
19
20

21
22
23
24

25
26
27
28

Long Extra
lesson lesson credit

LL
LL

LL
LL

LL

LL
LL
LL

LL

LL
LL
LL

LL
LL
LL
LL

LL
LL
LL
LL

LL
LL
LL
LL

LL
LL
LL
LL

10
11
12

i3
14
15
16

17
p

19
20

21
22
23
24

25
26
27
28

EX 5

EX 8

EX 9

EX 10

EX 12

EX 14
EX 15
EX i6

EX 17

EX 18

EX 20

EX 21

EX 22

EX 24

EX 25

EX 27
EX 28



TABLE 1 (cont.)

Top1c Test
29 Conditional functions
30 Siandard functioas: DP, XP
3i Boolean expressions: AND, OR, and NOT
32 More on Boolean expressions: LET and TV
Test 8 T8
33 The fuactton FIRST
34 Standard funciions: SIN and COS
35 Staadard tuactions: EXP and LGG
36 Rerc.isive functions
Test 9 T9

o8

Short

SL
SL
SL
SL

SL
SL
SL
SL

29
30
31
32

33
34
35
36

Long Extra
lesson lesson credit

LL
LL
LL
LL

LL
LL
LL
LL

29
30
31
32

33
34
35
36

EX 30

EX 33
EX 34



TABLE 2

Scores on the Computer Programmer Aptitude Battery

Experimental condition

SS NS PS

Part Mean S. D. Mean S. D. Mean S. D.
Verbal Meaning 12.90 4,15 13.35 6.36 14,35 4,29
Reasoning 9.15 3.51 9.15 3.97 9.00 4,43
Letter Series 11.00 4,03 11.05 5.31 12.65 4.08
Number Ability 11.60 3.58 11.10 3,22 10.40 3.18
Diagramming 15.80 8.77 17.40 10.39 17.80 9.44
Total 60.45 16.10 62.05 23.54 63.70 19.43
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TABLE 3
Comparison of Subject and Test Norms

Computer Aptitude Battery

Subtest Mean raw score Percentile ranking
Scale 12 Scale 2b

Verbal Meaning 13.53 46 15
Reasoning ' 9.10 61 17
Letter Series 11.56 66 57
Number Ability 11.03 54 20
Diagramming 17.00 54 9

Total 62.06 55 9

a
Based on programmer trainee norms.

b
Based on experienced programmer norms.
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TABLE 4
Correlations Between Performance on CPAB Subtests

and Two Course Performance Measures

Percent

Subtest correct Test A
Verbal Meaning .315 .295
Reasoning .554 .585
Letter Series .560 -394
Number Ability .280 2312
Diagramming .643 .492

Total .666 .564

§
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TABLE 5

Measures of Progress in the Curriculum

Experimental Condition

SS NS PS Total
No. sign-ons 53.15 63.85 60.50 59.16
Minutes 1995.96 2187.55 1984.18 2055.89
Lessons 35.00 36.90 38.65 36.85
No. correct 876.10 1675.95 891.10 947.71
No. problems 1242.30 1479.00 1188.90 1303.40
Percent 71.20 71.80 74.45 72.48
correct
Top lesson 25.30 29.45 24.30 ' 26.35




TABLE 6

Choice of Path Through the Curriculum for SS Students

STUDENT 1
Lesson sL2 LL Test EX
i i
2 2
3 3
4 4
T1 5
5 6
6 7
7 8
8 9
T2 10
9 11
10 i2
11 13
12 14
T3 15
i3 16
14 17
15 18
16 19
T4 : 21%
17 20
18 22
19 23
20 24
T5 26%
21 25%
22 27
23 28
24 29
T6 - 31%
25 30
26 32
27 33
28 34
T7 39%
29 35
30 36
31 37
32 38
T8 41%
33 ' 40
34 42
35 43
36 44

a
Numbers show the order in which lessons were taken.
* Starred lessons were taken out of order.

ERIC >




TABLE 6 (cont.)

STUDENT 2

Lesson

(=

WNOO~NOA = WN =

SL

~NUw =

13
15
17

20
24
25
26

28
32
34
36

39
42
b4
47

50
53
56
58

61
64

Test EX

12

19
22

27

38

40 41
43 46%

48 49

52

51%

55% 59%

54
57

62
65

60*
63



TABLE 6 (cont.)

STUDENT 3
Lesson SL LL Test EX
1 1
2 2
3 3 5
4 6
i
5 10% 8
6 9 4%
7 13 17%
8 14 11% i5
T2 16
9 18 12%
10 19 20
il 24
i2 26 25
T3 23%
13 27 28
14 30 29
15 31 21%
16 22%
T4
17 32 33
18 34
19 35
20 36 37
T5 38
21 39
22 40
23 41
24 42
T6 43
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TABLE 6 (cont.)

STUDENT 4
Lesson SL LL Test EX
1 1 3%
2 2 4
3 10% 6
T1 5%
5 16%* 8
6 13 12
7 17 14
8 18 15
T2 9%
9 19 20
10 21
11 22
12 23
T3 24
13 25
14 26
15 27
16 28
T4 29
17 30
18 31
19 32
20 33
T5 34
21 35
22 36
23 37
24 38
T6 39
25 40
26 41
27 43
28 44
T7 42%
29 45
30 46
31 47
32 48
T8 11%
33 49
34 50
35 52
36 53
T9 51%
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TABLE 7

Types of Lessons Taken by 3S Students

Number of lessons

Student

SL LL

1 | 5 22
2 26 26
3 21 16
4 8 27
5 24 0
6 3 6
7 23 0
8 21 0
9 0 22
10 21 0
11 20 4
12 16 6
13 11 17
14 16 i3
15 12 20
16 10 13
17 23 6
i8 18 1
19 26 1
20 27 2
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Scores on Project-designed Final Examination, Number Correct

Test A

Test B

20

15

SS

TABLE 8

Mean

22.70

15.73

Condition
NS

N Mean

20 27.85

16 13.00

38

PS
N Mean
20 24,50
16 14.37



TABLE 9
Step-wise Regression Summary Tabie with Test A

as Dependent Variable

Multiple Multiple Last regression

Step Variable r r2 coefficient
1 Top lesson .5650 .3192 .5364

2 Total problems .7296 .5323 L2277

3 Sign-ons .7534 .5676 .0429

4 Experimental .7556 .5709 .8018

condition
5 Total lessons .7573 .5735 ~.0866
6 Total minutes .7581 .5747 .0005

Note.--Last constant used = -5,3006.
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TABLE 10

Scores on Attitude Questionnaire Items

Condition Total Positive or
Question or negative
SS NS PS statement (P,N)

1 2.588 2.632 1.824 2.358 P
2 3.294 3.105 3.941 3.434 P
3 1.412 2,421 2.168 2.151 P
4 5.059 4.474 4.471 4.660 N
5 4.471 3.579 3.529 3.849 P
6 4.118 4.105 5.059 4.415 P
7 4,882 4.632 5.529 5.000 N
8 3.176 3.263 3.824 3.415 P
9 3.647 4.263 3.059 3.679 . N
10 4.176 3.368 4,588 4,019 P
1 3.765 4.526 3.706 4,019 N
12 4.294 3.727 4,000 4.000 P




TABLE 11
Analysis of Variance Among Experimental Conditions

on Attitude Questionnaire

Question F Ratio
i 1,483
2 0.844
3 : 2,702
4 0.440
5 1.137
6 1.333
7 1.573
8 0.481
9 1.729

10 1.298
11 1,457
12 0.336

b1




TABLE 12

Correlacions Between Attitude and Performance Measures

Question Measure Correlation
Question 2.
"I learned from the computer lessons Lessons -.4484
as well as I would have learned the No. correct -.5418
same lessons in the classroom.” Top lesson -.4929

Question 10.

"I would like to participate in Lessons -.4951

another CA course." No. correct -.5307
Top lesson ~.5451

Question 3.

"I like working at my own pace Test B -.5036

at the terminal."

Question 4.

"I weould prefer c¢ompeting with my Test B L4094

feilow students in the classroom
rather than working at computer lesscns.'

L2




TABLE 14
Responses t> Final Examination Items: Percentage of

Students Respoading Correctly and Incorrectly

Percentage
Lesson Based on total Based on total
status taking test attempting item
Correct Incorrect Not tried Correct Incorrect
Not cakean 34.7 49.5 19.4 43.0 57.0
SL only 49.7 46.4 3.9 51.7 48.3
LL only 58.1 35.9 6.0 61.8 38.2
SL and LL 52.0 44,4 3.5 53.9 46.1
Total 50.4 40.8 8.8 55.2 44,8

L3
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Fig. 1. Highest lesson completed in AID course.
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Appendix A

Tniroduction to AID Prograrming 1972-T73

Final Examination

Instructions to Examiners

The firal examination for the course "Introduction to AID Program-
ming” consists of two parts: Part A is a 50-minute paper-and-pencil test,
and Part B is a 50-minute open-book programming test. If the two parts
must be given on the same day, they should be given in two separate
sessions with a 5-10 minute rest period between sessions.

Part A. No books or notes of any kind are to be allowed during Part A
of the final examination. The students are not to be allowed to use a
teletype. All that is needed is a copy of Part A and a pen or pencil.

Hand out the copies of Part A with instructions not to open the test
un*il told to do so. Ask the students to read the instructions on the
cover page. Allow about 1 minute for this before giving the signal to
start the test, Allow 50 minutes for Part A.

There are 50 test items in Part A. Each correct answer counts 1 point,
for a total of 50 points. No partial credit will be given for the items
in Part A. There will be no penalty for incorrect guesses (no points
will be subtracted for wrong answers).

Part B, Students should be told beforehand that Part B will be an open-
book test. They should be asked to bring any books and notes that they
wish, including the Supplementary Handbook for Introduction to AID

Programming.

At least two days before the students are to take Part B of the fianal
examination, but after their last working session, inform your Stanford
representative of which students will take Part B, and when. The computer
record foi each student will be set so that the next time he signs on he
will be automatically switched to the AID interpreter so that he will

be able to do the prugramming problems in Part B.

Before handing out copies of Part B, ask the students to sign on. Check
to be sure €ach student has been automatically switched to the AID in-
terpreter. If this does not happen, call Stanford immediately.

After each student is signed on, and is in communication with the AID
interpreter, hand out the copies of Part B with the instruction not to
open the test until told to do so. Allow the students time to read the
instructions on the cover page--about 1 minute--and then glve the signal
to start. Allow 50 minutes for Part B.




There are 5 programming problems in Part B. Each problem counts 10
points, for a total of 50 points. Partial credit will be allowed for
partially correct programs.

Here is a brief grading guideline to help you answer questions that
students may ask during the final examination:

(1) The programs are expected to function correctly only for the
range of values of the input variables specified in the problem.
Thus, for Problem 2, the program need not cope with negative
values of H, and for Problem 3, the program need function cor-
rectly only for weights between 0 and 16 ounces, inclusive.

AN

(2) The length of the program is immaterial, only the correctness
of the results will be considered in grading.

(3) There are several methuds of solving each of the pioblems in
Part B, and no one method is preferred. Any method that provides
a general solution and produces correct results will be con-
sidered correct.

(4) For Problems 1, 2, 3, and 4, specific test values of the input
variables are given. However, a program that produces correct
results for these test values only, and not for other values
of the input variables, will not be considered a correct solution;
the program must provide a general solution.

TURN IN ALL TEST PAPERS TO STANFORD, These tests will be used for re-
search purposes and will not be returned. If you wish to use these tests
for assigning grades to your students, ycu may grade the tests and record
the grades before you turn them in to Stanford; otherwise, you need not
grade the tests.

o



Introduction to AID Programming 1972-73
Final Examination
Part A
(50 peints) LR

KRR H AR R KKK K 36 I K KRN R NIRRT KK R KR KN e e R KK RN

DO NOT TURN THE PAGE.

R o i R e 3 S I = = S

Name

Student number

Instructor's name

Name of school or college

Date

Instructions: You may not use books, notes, or other materials during
this part (Part A) of the final examination. There are 50 test items
in Part A. No partial credit will be given. You will not be penalized
for guessing (no points will be subtracted for wrong answers). You
will have 50 minutes to complete the test.
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Rewrite each command correctly.

1. IF X <2 DUE PART 3

2. DO STP 3.6 FOR X = 1 TO 100

3. TYPE X(Y+Z) AND X(Y-Z) AND X(Y = 2)

Select the expression(s) that are equivalent to the given expression.

4, A/B - ¢/D+ E ___ (&/B) - (¢/D + E)
___ (&B) - (¢/D)+ E
___ 'MB-cC/(D+ E) |
5. U/V/W/X N ¢ AS VAQ 75 9
_ . (uwv/wy/x
(U/V)/W/X

Indicate whether each command is correct or incorrect.
¥

Correct Incorrect

6a. FILE PART 6, A AS ITEM 3

6o. LET H(X) = X % 10 IF Y < 100

7a. TYPE F(2) % 1044 IF 6 < 3 IS FALSE
7b. DISCARD PART 3

8a. TYPE FORM 8, X - 98.6, STEP 1h.k
8b. RECALL PART 5

9a, SET M = M + 1 IF N(I) < TRUE

9b. SET L(N+1) = N + 1




Write each of the following expressions in ATID notation,

10. /a® - v°
11, &+ 3y
xy

12. |m+n + pl

)
13. 33X~ -~ 2x + 5

4. (8.9054) X 1078

15, (x, + xg) -~ (x3 + Xh)

16, x <y + 10

17, a+ & - ¢

l8a X =

|+

Write the formula for eaca of the following, using AID notation,

19. The average of the numbers w, x, y, and z.




20. The total price of an item including sales tax if the base price
is P and the sales tax is 5%.

For each of the following commands, indicate whether a step number is
raquired.

Must have step Must not have Mey or may not
number step number have step number

21. DEMAND X
22. TC STEP 16.2
23. S8ToP

24, DO PART 1

Give the truth value of each of the following expressions.

T. F
25. NOT 4 <3 OR3 >4
26. X = 12
Y = 15
X< Y ORZXeX > 7

For each of the following programs, list the step numbers in the order
in which they would be executed.

27. 12.8 DEMAND @
12.9 SET R Q + 1
12.10 DEMAND Z
12,95 TYPE K - Z
IO PART 12

28, L2.1 SET 2 =75
42,2 TO STEP L42.4 IF 2 > 0O
42,3 SET Z = -Z
Lo.4 TYPE Z
DO PART L2




29, 22.1 SET L - 3
22,9 SET L - L + 1
22.75 SET L - L + 1
22.81 DO PART 233 IF L < §
22.99 TYPE L
33.25 SET L = L + 1
33.35 TYPE L
22.95 SET L = L - 1
DO PART 22




For each ¢f the feollewing cets of commands, what numeric result would
be typed?

30. LET F(X) = X + 10
TYPE F(2/10)

F(2/10) =

21. SET A = 1€
Lei S = A > 10
SET B - TV(S)xA + TV(NOT S)*Ax2
TYPE B
B o

32. SET X = 43.1
SEI ¥ - TP(X)
SET 2 = FP{X)
TYPE Y/2
Y/Z =

33. TYPE PROD(I = 2, 6, 11: I/2)
PROD(I = 2, 6, 11: 1/2) = _

34, SET X = L4596.032
SET Y = DP(X)*10

TYPE Y
Y =
35. Ler F(X) = (X < 10: X+10; X/2)
TYPE F{12)
¥(12) =
36. 7.1 SET X - 0
7.2 DO PART 8 FOR N = 1(1)5
7.3 TYPE X
8.1 SET X =X+ N
IO PART 7
X =
37. 3.1 SET N = 843.6
3.2 SET P = N/10
3.3 TYPE P IN FORM 3
FORM 3:
P EQUALS <« . +
DO PART 3

P EQUALS




38, 5.1 GET N = 1
5.7 CETH -0
5.3 CET F = 5
5.. SETK = K + N
5.5 CET M - N4 1]
5.6 7. STEP 5.4 IF K < F
S.7 TYPE Y
¢ PART §
oo

39, 17.1 DU PART 18 FOR I - 1(1)25
I'7.2 TYPE Li7)
W1 CET LF) = L4 2
I PART 17

J

a1

40, 2L SET T =0

2 o PAKT 23 FOR T = 1{1)5
2.3 TYPE T
23.1 X PART 24 FCR J = 1(1)3
2LLISETT =174 1
X) PART 22

L1, 2,1 SET X = FIRST(T = 1(1)10: I/2 - 1 > 2.7)
2 CET { = X/2 - 1

Fowrpte —ach set of commands, using the fewesti possible commands,
preservirg ail indicated actions,




L3, SET W= X+ 1

SET W W/e
SET W= 9 -~ W
TYPE W

Ly, SET X = 5
D PART 2
PELETE X
SET X = 6
DO PART 2
DRLETE X
SET X = 7
o PART 2

hg Write the ATID commands that would cause Part & to be put into
permanent storage.

46. Write the AID command that would print the value of the natural
logarithm (to the base e) of L.75.

47, Complete step 3.1 in program B below so that programs A and B
are eqguiwvalent.

Program A Program B
1.1 SET A=1 3.1 DO PART L FOR A =
1.2 TYPE A/3 4.1 TYPE A/3
1.3 82T A=A+ 1 PART 3
1.4 TO STEP 1.2 IF A < 10
DO PART 1

10




L8.

L9.

5.

Suppose two 9 by 17 arrays A and B are given. The following program
prcduces a new array C such that each element in C 1s the sum of the
elements in the corresponding positions in A and B. Complete step
29.2.

Z7.2 DOPARY 28 ¥OK T - 1(1)9
28.1 IX PART 29 FOR J = 1(1)17
29.2 SET

DO PART 27

Write the command that will cause Part 12 to be executed S5 times.

The factorial function &! is defined to be ne(n-1)-(n-2)...3.2.1.
For example, ! - Sxbx3x2x1 = 120. Write a definition in AID
notaticn of & function f such that f{n) = n!.

|
-
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Introduction to AID Programming 1972-73
Final Examination
Tart B

(50 peints)
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Name

Student. number

Instructor's name

Name of school or college

Date

Instructions: Part B is an open-beok test; ycu may use any books, notes,
or vther materials that you wish. There are 5 programming problems in
this part of the tfinal examinaticn. Each problem counts 10 points, and
you will be given partial credit tur partially currect solutions.

Betour: yuu open the test you shiculd be scated at a *erminal and signed
on.  As soon as you sign on, the ATD laicrpreter will start automatically
s0 that you can 4o the programming problems. Tt the AID interpreter does
ncot start, raisc your hand te get help beture thoe inotructor gives the
signal to shart the test.

¥Yor cach preblem you will be asked to list (print) the completed program
and execute 1%t for given values to demcnstrate that yocur program works
correctly. This listing and demonstration must b2 attached to this test
and turned in to ycur inctructor for grading. You will have 50 minutes
te complete tie test.
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1.

2}

Ce

3.

ERIC

Aruitoxt provided by Eic:

Write a prugram or a functicn that will convert degrees Fahrenheit
te degrees Kelvin,  (From degrees Fahrenheit, subtract 32, multiply
by 5/9, and add 273.)

Write

penny,

To turn in for gradivuge When the program is finished,
lict it by giving this command:

YPE ALL
Execute the program for 38°F, 0°F, and ~41"F. Turn in
this part of the teletype paper to your iustructor for

grading, ard ther. delote ¢ program. (DELETE ALL)

a progranm that will compute the wages due, to the nearest

for Hf hours of work if the rate of pay is

PL.37 pur Vour for LO hours or less,

Timc-and-a-n:1f for each hour cver 40 hours up to and
including tke LBth heour,

Deuble-tine tor eadh heur over the L8th hour.

o turn in for grading: When the prcgram is finished,
1ist it by giving this command:
TYPE ALL

Execute tie program for = 37.25. L2.5, and 52.33 hours.
Turn in this part of the teletype paper to your instructor
for grading, and then del:=te the program. (DELETE ALL)

Write a program that will calculate pustage for a piece of air mail
weighing up to and including 16 ocun.es if the rates are

1i¢ per ounce or fraction of an ounce for O to 8 ounces,
$1.00 tartal for over 8 ounees up to and. including 16 ounces.

T wurn in for grading: Woen the program is finished,
it 1v by giving this command:

TYPE ALL
Erecute fre program for these weights: 5.2 ounces,
8.7 cunzes, 3 ouw.ces. Turn in *nis part of the teletype
paper 1o ywur lnstractor for grzii g, and then delete the
prigram. (DELETE ALL)

Write a program that will calculate the mearn ana standard deviation

of a list x
the mmmmsxl,x

deviaticu

J

of ten numbers, 1f M is the mean of

17 xg) Koy oees XlO
y X_ e e0sy Y%, .. the formula fur the standard
2’ 73 7 Tlo v !

i

pas)

/ixl - M7+ (x, - M)

st

(continued)



To turn in for grading: When the program is finished,
list it by giving this command:
TYPE ALL

Execute the program for this list of numbers:

68

69

72

35

81

03

27

68

73
98

Turn in this part of the teletype paper to your instructor
for grading, and then delete the program. (DELETE ALL)

Write a program that will approximate the sum of this series:

R 1 1 1 1
<) ¥ 7 > >

To approximate the sum, compute successive partial sums until the
last partial sum computed is equal to the preceding one, that is,

until the nth partial sum is equal to the (n-l)St partial sum.

Report the (n~l)St partial sum, and the number of members of the
series that were summed to arrive at that approximation.

To turn in for grading: When the program is finished,
list it by giving this command:

TYPE ALL
Execute the program to demonstrate that it works correctly.
Turn in this part of the teletype paper to your instructor
for grading, and then delete the program. (DELETE ALL)

1k



Appendix B

STUDENT EVALUATION FORM
COMPUTER-ASSISTED INSTRUCTION (CAI)

Please read each statement and cir:zle the number on the scale that best
describes your feelings.

SCALE

Strongly agree
Moderately agree
Slightly agree
Uncertain

Slightly disagr-ee
Moderately disagree
Strongly disagree

~N O NP LW

1. I worked as hard answering questions in the 1 2 3 4 5 6 7
computer lessons as I do in the classroom.

2. 1 learned from the computer lessons as well 1 2 3 4 5 6 17
as I would have learned the same lesson in
the classroom.

3. T like working at my own pace at the 1 2 3 4 5 6 7
terminal.
4. I would prefer -ompeting with my fellow 12 3 4 5 6 7

students in the classrcom rzther than
working at computer lessons.

5. Working with computer lessons is like having 1 2 3 4 5 6 7
my own tutor. |

6. Four hours a week is sufficient time to 1 2 3 4 5 6 17
keep up with the course.

7. I found the computer lesscns too easy. 1 2 3 4 5 6 7
8. 1 think working with computer lessons 1s i 2 3 4 5 6 7
an exciting way to learn.

9. I found working at the terminal more 1 2 3 4 5 6 7
frustrating than worthwhile.

10. [ would like to participate in another 1 2 3 4 5 6 7
CAI course.




Appendix B (cont.)

11. I found the computer lessons too hard.

12. The CAI system provides the student with
more feedback than classroom instruction.

13. Use the back of this sheet to make any
comments you wish concerning the CAI program.

1

1

2 3 4 5 6

2 3 4 5 6

7

7
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